The heteronuclear cobalt-platinum cluster [Co 2 Pt 2 (IPr) 2 (µ 2 -CO) 4 
Introduction
The cobalt-platinum bimetallic system has been known to be effective catalysts for FischerTropsch synthesis [1] . It has also been used as oxidation catalysts, such as, for methanol electrooxidation in the Direct Methanol Fuel Cell (DMFC), toluene combustion, and preferential CO oxidation reactions [2] . The use of heterometallic carbonyl clusters as a single-source precursor for such bimetallic systems have proven to afford catalysts which show superior performance to those prepared with traditional salt-impregnation methods [3] but to-date, cluster-derived cobalt-platinum catalysts have only been tested for the hydrogenolysis and demethylation of methylcyclopentane [4] . This strategy is, however, contingent upon the availability of suitable cluster precursors thus making the synthesis of heterometallic clusters a desirable endeavour.
Cobalt carbonyl clusters which make suitable precursors for the synthesis of heterometallic clusters with varying metal ratios include [Co 2 (CO) 
Scheme 2
The molecular structures of 4 and ) can exist in solution with both a planar and a tetrahedral core [9] , although there is no evidence of this for cluster 4. 
The Co-C carbide and Co-Co bond lengths (1.846 (12) [5] . One of the Co-Pt bonds (Pt(1)-Co(1) = 3.1303(2) Å) is unusually long, which we believe may be due to the effects of crystal packing forces. An attempt was made to corroborate this via a natural bond orbital (NBO) analysis on 5 with density functional theory (DFT) at the def2SVP/6-31G* level of theory. The Wiberg bond indices and metal-metal bond lengths for the optimised geometry are given in Figure 5 . (2)). They correlate well with both the calculated and experimental bond lengths; those with shorter bond lengths correspond to higher bond indices, in accord with the trend reported for metal-metal bonds [12] . Although there are no reports of bond indices for Co-Pt bonds, it has been reported that homonuclear metal-metal bonds such as the single Ru-Ru bond has bond index ∼0. 
Concluding remarks
In this work, we reported that a [Pt(NHC)] fragment could react with a variety of cobalt carbonyl clusters (1-3) to give new heteronuclear cobalt-platinum clusters. The results show that the [Pt(NHC)] fragment added across Co-Co bonds but as is characteristic of cobalt carbonyl clusters, the reactions were accompanied by cluster fragmentation/rearrangement, and appeared to favour the formation of clusters 4 and 5 which presumably corresponded to "thermodynamic sinks" for these reactions.
Experimental

General procedure
All reactions were performed under an argon atmosphere using standard Schlenk techniques or in a glove box. Solvents used in reactions were of AR grade, and were dried over the appropriate drying [17] were prepared according to published methods. All other reagents were used as received from commercial suppliers.
Reaction of 1 with [Pt(IPr)]
A sample of 6 (30.0 mg, 0.0445 mmol) and KO H 4.98, N 3.53 (found); C 48.38, H 4.74, N 3.61 (calcd for C62H72Co2N4O8Pt2 . 0.5CH2Cl2).
Reaction of 2 with [Pt(IPr)]
A solution of 6 (19.5 mg, 0.0289 mmol) and KO t Bu (3.3 mg, 0.029 mmol) in IPA (10 mL) was heated at 80 o C for 1 h to give a yellow solution. The solvent was removed under vacuum to give a yellow oil which was redissolved in DCM (10 mL) to which 2 (6.2 mg, 0.014 mmol) was added. The reaction mixture was stirred at RT for 15 h during which the solution turned dark brown. After removal of the solvent, the residue was re-dissolved in a minimum volume of DCM and separated by TLC with hexane:DCM (5:2, v/v) as the eluent. Two major bands were isolated and characterized.
The first major band afforded a green solid which was recrystallized from diethyl ether to afford [Co 4 Pt 2 (µ 6 -C)(IPr) 2 (µ 2 -CO) 5 The second purple-brown band yielded a purple solid which was identified to be cluster 4 by its IR spectrum. (Yield = 3.3 mg, 20%).
Reaction of 3 with [Pt(IPr)]
A sample of 6 (21.1 mg, 0.0329 mmol) and KO 
X-ray crystallographic studies
The crystals were mounted on quartz fibres. X-ray data were collected at 103 K on a Bruker
Kappa diffractometer equipped with a CCD detector, employing Mo Kα radiation (λ = 0.71073 Å), with the SMART suite of programs [18] . The data was processed and corrected for Lorentz and polarisation effects with SAINT [19] , and for absorption effects with SADABS [20] . Structural solution and refinement were carried out with the SHELXTL suite of programs [21] . The structures were solved by direct or Patterson methods to locate the heavy atoms, followed by successive difference maps for the light, non-hydrogen atoms. All non-hydrogen atoms were refined with anisotropic thermal parameters in the final model.
The crystal of 4 exhibited disorder of the diisopropylphenyl groups as well as the CO ligands and the cobalt atoms. These were modeled with two alternative sites each, with equal occupancies, and appropriate restraints were applied. A diethyl ether solvate was found in the asymmetric unit of the crystal of 5. Crystal and refinement data are summarized in Table 1 .
Computational studies
Computational studies were carried out with the Gaussian 09W suite of programs, with the M06L density functional, utilizing def2SVP basis set for Pt atoms, while the 6-31G* basis set is used for the remaining atoms [22] . Natural Bond Orbital (NBO) analysis was carried out with the NBO 3.1 program implemented within Gaussian 09W [23] . 
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